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Oes ription 

[0001 ] The present invention relates to novel peptides, comprisjnig extrace!lula/ <fonrialns of Epstein Barr Virus (EBV) 
encoded latency- and tumour-associated membrane proteins, to nucleotide sequences.enoodfng said peptides, vectors 
5 comprising said nucleotide sequences, to antibody reagents reactive with these domains and to the use of the peptides 
and nucleotide sequences encoding said peptides for the preparation of a medicament, In particular against EBV driven 
malignant growth, for vaccination and immunotherapy against Epstein Ban* Virus Inf ection, andtothe use of the antibody 
reagents as diagnostic for the detection of EBV transformed (tumour) cells in vtoo arid in vivo. Furthermore^ m 
tlons of these peptides and antibody reagents to Increase their diagnostic and therapeutic efficacy are lncfu<ted v 

10 

Background of the Invention 

[0002] Epstein-Barr Virus (EBV) Is a ubiquitous human herpes virus that was first discovered in association with the 
African (endemic ore) form of Buikitfs lymphoma (BL). Subsequently the virus was alsofound associated with na- 

1 5 sopharyngeal carcinoma (N PC) and was shown to be the causative agent of infectious mohpnudebsJs (hM)" Infection 
usually occurs during early childhood, generally resulting In a subclinical man testation . occasionally with mlki symp- 
toms Infection during adolescence or adulmobd, however, can give rise to 1M characterised by the presence of atypical 
lymphocytes In the periphery. The bulk of these tynphocyte* are T lymphocytes; however, Included In their number 
are a small population of B lymphocytes Infected by EBV. The rnfection of 8-lymphocytes rnay also be accomplished 

20 in vitm. $uch cells become transformed and proliferate indefinitely' In culture and have beeni^erre# toes ^ "InrvoojEtai- 
ised", -latently infected" or "growth transformed" As far as is known, all indMdua|a who become infected with EBV 
remain latently infected for life This is reflected by the lifelong continuous presence of small-hurnbers of EBV-genome 
positive transformed B-ceils among the circulating peripheral blood lymphocytes and the cprt^ 
ding of virus in the oropharynx. 

2s [0003] In the vast majority of cases EBV infection results in a lyi^hoprpliferat^e disease: that may be temporarily 
debilitating, but is always benign and self-limiting. In certain irnmunosuppressed Individuals, however, the result can 
be uncontrolled rympr^oprpilfe^pn leading to full-blown malignancy this occurs in ih<ijiy&u^^ 
pressed intentionally, partculariy individuals receiving organ or bone marrow transplants who are U-eated with cy- 
closporine A, or opportunisti^lyv as in the case with individuals infected witn^lV; or genially* as In the case of 

30 affected males carrying the >d:R (xMinked lymphoprplrferatrve syndrome) gene in t h ese cases the- resulting: rnaJignan- 
cies derive from the polyclonal prbliferatipn of EBV-infected B cells. In addition, in; such patients uncontrolled epithelial 
replication of the virus is detectable in lesions of oral hairy leukoplakia. Thus, the immune response plays a; central 
role in the control of EBV infe^ipn. 

[0004] Furthermore, EBV is associated with a still growing number of malignancies in otherwise immunc>competeht 
35 individuals, which can be either of lymphoid or epithelial origin. Examples are Burkitfs Lymphoma (BL), B-cell nom 
Hodgkin Lymphoma, (B-NHL), extranodal T-/NK-cell Lymphoma (T/NK-NHL), Hodgkin's Disease (HQ), Nasopharyn- 
geal Carcinoma (NPC)) and Gastric Adenocarcinoma (GC) (Baumforth et al, J. Glin. Pathol.: MoL Pathol. (1999) 52; 
307-322). 

[0005] For many years, BurkftTs lymphoma (BL) derived cell lines and EBV4mnsf ormed peripheral blood B-cet Is, 
40 also named tymphoblastoid cell lines (LCL) were considered to be the prototype model system for studying EBV- 
mediated transformation and oncogenesis. During recent years the entire DNA sequence of prototype virus strain, 
B95-8, has been determined. Analysis of this sequence has resulted in the Ic^ntffipatiori of more than 80 open reading 
frames (Baer et af., Nature 310; 207-211 (1984)), the expression of which has-be^n s^d|e^ Extensively /n vitro and in 
viva 

45 [0006] Interestingly, In human malignances only a limited set of these genes is actively expressed, which are called 
latent gene transcripts, Bask^ty gene transcription observed in the various 

EBV-assodeted maiignanples. these patterns are called latency type I; typqr K and type Recent dtata show the 
presence of additional transcripts complicating this typing system (zur Hausen et ai, Cancer Research, 60 (2000) 
2746-2748 and European Patent Application No 98200666.3) 

so [0007] Latency type I Is characterised by the expression of Epstein Ban* Nuclear Antigen t (EBNA-1, BKRF1 ) and 
the small non-coding RNA*s Epstein Barr Early RNA 1 arid 2 (EBER-1 and EBER^2) More recently a novel set of 
transcripts (BARTs), with potential protein coding capa<^ (BARF0^ RPMS1 and A73) in a n umber of small open reading 
frames Included within these transcripts, has been found In all cells expressing the latency type I pattern. Latency type 
II is characterised by the additional expression of Latent Membrane Protein 1 (LMP-1; BNLF1) and LMP-2A/-2B 

ss (BNRF1), in addition to the type I transcripts mentioned above. LMP2 transcripts can only be expressed when the viral 
genome is In the covalently closed circular form as these transcripts cross the terminal repeats on the viral genome 
and cannot be form d when til viral genom is in its linear "lytic" stat A membrane-spanning protein encoded within 
theBARFI open reading fram was recently shown to be expressed preferentially In EBV+ epiti>elial tumours displaying 
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either a latency type^l or a latency type^M phenotype (zur Hausen et al, Cancer Res arch, 60 (2000); 2746-2748 and 
European Pat nt Application No 98200655 3) Latency type III is characterised by th expression of the nuclear an- 
tig ns e6nA*2, EBNA-3A, EBNA^B, EBWA-30 and EBNA-4 (also referred to as EBNA-2, -3 S -4 t -6 and -5 respectively), 
inadditi nt thetyp II program transcripts (B^^^ J. Clin. Pathol:: Mol. Pathol. (1999) 52; 307-322, Coh n 

Jl. New Engl J. Med. (2000) 343; 481-492). The expression of the different latency. associated trariscription programs 
Is Influenced by host cell parameters, sucfras ^ cellular differentiation (Robertson K0, Gurr 

Top. Microbiol Immunol. (2000) 249;21 -34). the association of different latency type profiles with the various EBV- 
associated malignancies has been determined in detail in recent years using either RNA (reverse) transcription-based 
or in situ hybridisation and Imi^ I latency Is 

found In BL tumour ceils in yiyo and sporadic BL-dertved cell lines /n vrYro (Baumforth et a), J; Glln. Pathol : MOI. Pathol. 
(1999) 52; 307-322). Type II latency Is found in N PC, EBV-positive cases of Hodgklh's Lymphoma, TVNK-cell and B- 
ceil non-Hodgkin lymphoma (T-/NKVB-NHL) and rare thymic and parotid carcinomas in the imrnunocompetent host, 
whereas typelitj^ found in pre-rrialigriant tymphoproliferations and immuh 

mainly occurln ImriFiuri^ individuals and In most BL and LCL lines cultured in vitro (Baumfbrth et at, Jl 

Clin. Pathol.: Mol Pathol (1999) 52- 307^322) In immunocompromised patients sporadic leiomyosarcoma is also 
found which may express the type I or IJ pattern EBV+ epithelial cancers like gastric adenocarcinomas, nasopharyngeal 
carcinoma and rare hepatocellular carcinomas in non-compromised patients were found to express a type I or II latency 
pattern, with the additional expression of BARF1 (zur Hausen et al, Cancer Research, 60 (2000) r 2745-2748 and 
European Patent Appll^lon N^ >\ . 

[0008] Thus, EBV-positive tumours are cihe^<^erised by active expression of viral gene products, some of which 
comprise of membrane spanri^ membrane of the tumour cells. These latency-asso- 

ciated membrane antigens are potential targets for Specific recognition of EBV+ tumour cells 
[0009] Following primary Infection the host develops an effective and lifelong immune response to EBV. This re- 
sponse is dominated by elector B^lls producing antibodies to virus structural components (VGA and MA) and intra- 
cellular nuclear antigens (esp. EBNA) and by ertjKjtor T^cells reactive with latency ill asspciated nudear antigens (esp. 
EBNA3 family) and several antigens assb^ated with the lytic phase of viral gene expression T-cell targets are derived 
from proteins expressed inside EBV+ ceils following digestion by the proteasbme complex and subsequent transport 
of small peptide fragments to the cell Surface in the context of MHC-land MHG-H molecules. Antibodies are directed 
to both conformational and/pr linear epitope do^ oh intact or fragmented proteins released from EBV-infeeted cells. 
[001 0] T-ceils recognising latency-ill sd^ are considered bfr^ajor importance for iff e-long control 

over the potential outgrowth B-bells 7n vivo. Antibodies to the MA complex are considered to be important for 

virus neutralisation by preventing the binding oi infectious virions to the EBV^eeeptpr, i c GD21. Although in most 
EBV-infected individuals antibodies to the MA complex are detectable, which are capable of mediating the kiijing of 
MA-expressingvims-prbdudng ceils /h y/fro, their contribution to eradication of EBV+ tumour cells//? vivo is null because 
the EBV+ -tumours do not express MA. to other virus structural proteins are considered to be 

irrelevant for anti-tumour immune control. 

[0011] In order to induce and maintain ahtibocJy and T-celj responses viral antigens are digested by phagocytic cells, 
so called antigen-presenting cells (APC^s), which can display these antigens on their cell surface in either MHC-I All 
or I the form of Intact protein (fragments) captured in immune complexes or by additional surface receptors. Upon 
encounter with EBVantlgen-spectflcT- APC provide stimulatory signals resulting in the generation 

of effector B- and T^celis. 

[0012] Interestingly ano^ any antibody or T-cell reactivity detectable against the "non-self 

latency-associated membrane prbtelhs LMPl and LMP2 In EBV-infected individuals; These proteins are therefore 
classified as sub-dominant Until now, responses to the BARF1 protein have not been described in great detail It is 
important to state that ho (n^ antibodies have been described till now that react with putative 

extracellular domains of the EBV-encoded latehcy-ass membrane antigens. 

[0013] In immunodeficient patients with defective cellular immunity directed against the dominant antigens as de- 
scribed above (esp.ln XLP-patfents, transplant recipients and HIV-infected individuals) , the immune system fails to 
eradicate EBV+ B-cells expressing the lafericy^ it phenotype, thus allowing their uncontrolled outgrowth frequently 
rebutting In rhali^ 

[0014] : In non-lmmunocompromlsed (Immunocompetent) patients the process of tumour formation (pathogenesis) is 
much more complex antf stwiiar^^ considered to involve the direct growth stimulation, immunomod- 

ufstlon and apopttels reS^ cells in concerted action with or 

paralleled by deregulated host pelt functions: 

[0015] Interestingly, the tumours arising in immunocompetent individuals express either latency type I or II gene 
products, but not the latehcy-M the expression of defined *noh*seir viral gene products (i.e. 

proteins associated with latency t^^^-il) tt^ie^e tumours are not eradicated by the host immune system. This may 
either be a direct consequence : pf the sut^dprnin of latency-l/-ll gene products expressed on these tumour cells; 
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only inducing suboptimal or inadequat T-cell immune responses or due to th induction of local Tk^I energy du to 
the secretion by these tumour cells of Immunomodulatory ^stancjes, such as I L-10 and (fragments f) LMP1< Alter- 
natively this may be a consequence of the induction and selection of tumour cells with high level of apoptosis resistance, 
e.g. by upregulation of A2G/Bcl~2. 
5 Important^ Immunocompetent patients with EBV* tumour* hardly have significant T-cell or antibody reej>onses to 
latency-associated membrane proteins, although these responses tend to be somewhat higher than In healthy EBV 
carriers (MeJj etalJ.lnfect.Dis, (1099) 179;1108r1116 and Ffteart et al, Blood (1996)80; 1493-1 501). 
[001 6] Thus, immunocompetent patients with EBV+ tumours are incapable of mounting effective Immune responses 
directed against the "non-seir tumor-associated viral gene products. Tumour^cell induced Inimunomodulatton (sup- 
to presslon) and tumour cell apoptosis resistance may further render local TK>sil irnmune responses ineffective;. It is 
contemplated that antibody reagents recognising EBV sjjecfficmo^ on the EBV+ tumour cell surface 

(herein also referred to as EBVrencpded turtipur-assoclated: latent rnembrane proteins or, shortly, as EBVwooded 
membrane proteins) should be more effective and would not be Influenced by these local immune escape mechanisms. 
Identification of extracellular domains of such EBV-encpded membrane proteins and the availability of antibody rea- 
rs gents against said domains Is therefore a long felt need In the art to develop medicaments against and diagnostics for 
EBV driven malignant ceH growth. ■ 

[00171 Several EBV-encoded tumour cell-associated membrane proteins are described in the art; however It has 
not yet been shown that such membrane proteins comprise extraoeUuiar domains* suitable for antibody inferaotlQn. As 
stated apove, antibodies against such domains have, not yet been described. The existence of defined EBV-encoded 

20 tumour cell-associated membrane proteins was first suspected on the basis of functional analyses of T^cell responses 
against EBV-transformed B^cells and these hypothet^ structures were operationally defined as L^I^A (Lymphocyte- 
determined membrane antigens) (Szlgeti et al, Proc.Natl Acad S&.USA. (1984) 81; 4178-4182) Subsequent studies 
revealed that most of the LYDM A reactivity was rather derived from peptide fragments ofthefamily of nuclear antigens 
(esp EBNA3 family) presented in the context of MHCi-l molecules on the cell surface (Burrow* et al, J, gxp.Med (1 990) 

25 1 71 ; 345-3i49)- Biochemical rey^^th^ei^sfW: 
of at least two types of latent-associated membrane. proteins, called EMP'i and (UMP2, the latter extstftig In two forms 
LMP2A and LMP2B, LMP2B lacking the first 119 amino acip^ Of : LMP2A (Rowe r Frdrffiei$:ln Bioscience (19$9) 4; 
346^371), 

[0018] Sequence ana^is of m 
so domains within these proteins; suggesting!^ 
contain 12 su^ dom^ 

[0019] Using monoclonal antibodies reactivewfth domains in tiw proposed cy^ksm ahdLMP2> 
their association wfth various membrane comps^ 

also revealed LMP1 arid t^P2 to co-localise in these membrane compartmentSi preferentially in so-called glycosphin- 
35 goltpid containing mfcrodoroains or ra^( 

[0020] A third latehcy-assodated rnembrane protein was more recently identifiedto be encoded in the BARF1 reading 
frame on the EBV genome, and was originally described as an early gene product (Zhang et al, J.Virol. (1988) 62; 
1862-1869). 

[0021] The structure of the BARF1 gene is even less well defined. Recant data suggest thatBARFI is anchored In 
4o the plasma membrane by a single transmembrane domain In the N-terminus and possibly is secreted from the cell as 
well (Strockbioe et al, J Virol. (1998) 72; 4015^4021). Human sera which conj^n react^ity: ]to BARF1 may mediate the 
killing of BARF1 -expressing cells although the domains relevant for this MHng actrylty have not been defined (Tanner 
JE, et al. JJnfectDls (1997) 176 , 38?46) 

[0022] In the characterisation of UUPt; LMP2 and BARFt, It was not cx>nt;e^at0dw^ contained 
45 outer extracellular loops actually protruding f romthe ceil merrfcra^ 
loops antibodies coujd be generated 

[0023] The present Invention now for the first time identifies extracellular domains of me EBV-encoded membrane 
proteins LMP1, LMP2 and BARFt, and been capable to produce peptides comprising said domains and antfcody 
reagents against said ex^ 

so {0024] The term xproiain" Includes single-chain polypeptide molecules as w# as mul^e^lypept^de complexes 
where Individual consituentpp^ieptlcfo^ are ifnked by eoyaJentbr^ The* term 'peptrde* tactucfes 

peptides qttwo or more ap^ 

of more than 100 amino acids fe referred to as "protein". 

[0025] The present Invention therefore relates In the first place to an Isolated peptide, chosen from the group, con- 
ss sisting of 

3EQ ID 1 (LMP1,. extracellular loop 1) 
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SEQ ZD 2 (LMP1, extracellular loop 2) 

SEQ ID 3 (U4P1, extracellular loop 3) 

SEQ ID 4 (IJ4P2, extracellular loop 1) 

SEQ ID 5 (LMP2, extracellular loop 2 ) : 

SEQ ID 6 (IjMP2 , extracellular loop 3): 

SEQ ID 7 <-LM'P2, extracellular loop 4) 

SEQ ID 8 iu$vZ* extracellular loop $) 

SEQ ID 9 <I*4P2, extracellular loop J6> 

SfiQ ID 10 (BARF1> SEQ 40-79) 

SEQ ID 11 (BARFl, SEQ; eq-154). 

SEQ ID 12 CHARF1, SEQ 155-188) 

seq id 13 '.v. :'".v. : (iSa»#-ii> SEQ;'ia8-2iI>:; : 



[0026] The peptides according to the Invention constitute extra cellular: domains of LMP1 , LMP2 and BARF1 respec- 
tively, which Is demonstrated in example 1 . The numbering of the amino acta sequence of the above LMP1, LMP2 and 
BARF1 are the same as the numbering* used in the SWISS PftO%QMABA$B 

40 [0027] In a preferred embodiment; the Invention relates to art^ or protein comprislhg an amino acid 

sequence, chosen from the group, consisting of SEQ ID hps. 1 hot b>ing the full length LMP1 , LMP2 or 8ARF1 
sequence, nor being 90% or more homologous thereto. This m^^ encoded by any of 

the SEQ ID numbers 1-1 3 may e.g. be incorporated in a non-natuml environment, e flanked by amino acid sequenc- 
es, not/or only partJairy flanking me said sequen^ In the natural LMP1 , LMP2 or BARF1 . For example, a hybrid protein 

45 wherein any of the extracellular domains of LMP1 , LMP2 or BARF1 are present is encompassed by the invention. Such 
hybrid proteins can e.g. be used as carrier proteins, that can be used as immunogene for active vaccination and immune 
therapy (see e.g. exarhple 2). Considering the fact that LMP1 , LMP2 and 8ARF1 and their derived submolecular peptide 
domains are hardly immunogenic in the natural context of EBV^fnf^c^h In tfie human host (see e g Meij et al; supra), 
coupling LMP1, LMP2 and/or BARF 1 sequences to a carrier sequence is an effective tool for specific Immunization 

so and presentation of LMP1 , LMP2 and 6ARF1 sequence to i^e irr^ wilt stimulate and improve the 

Induction of specific immune responses to LMPt , LMP2 and BARFi Procedures for coupling of a protein a fragment 
thereof or defined peptide sequences of low endogenous Immuno^eriicI^ to: cairier proteins, such as Keyhole Limpet, 
Hemocyanfne/Tetanu^ 

proving their tmmunogenlclty are well known In the art. 
55 [0028] Preferably, the peptide or protein of the invention comprises less than 1 00 amino acids. 

[0029] Preferably, the peptide or protein molecules of the invention comprise a sequence with fewer amino acids 
than the full length amino acid sequence of the LMP1 , LM P2 and; BAftFI; .proteins, but containing one or more of the 
Seq. ID'S 1-3; 4-9 and t0^1 3 respectively. In particular for L.MP1, sequences devoldof the immunosuppressive domain 
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LALLFWL pros nt in the first transmembran h lix are preferred (Dukers et al, J. Immunol (2000) 1 66; 663-670). 
[0030] Th invention also relates to a peptide or protein, comprising an amino acid sequ nee having at I ast 80%, 
preferably at least 90%, most preferably at least 95% homology with any of the amino acid sequences of SEQ ID nos. 
1-13, not being the full length LMP1 , LMP2 or BARF1 sequence, nor being 90% or more homologous thereto. Such 
5 homologous peptides or proteins encode for variants or derivatives of the amino acid sequences of the present inven- 
tion. 

[0031] It will be understood that amino acid sequences for use in the invention also include homologous sequences 
obtained from any source, for example related viral/bacterial proteins, cellular homologues and synthetic peptides, as 
wed as variants or derivatives thereof. 

10 [0032] In the context, of the present invention, a homologous sequence is taken to include an amino acid sequence 
which is at least 80 preferably 90% identical, most preferably at least 96 or 98% identical at the amino acid level over 
at least 5, preferably 8 ( more preferably 10 amino acids with one of the amino acid sequences as shown In the sequence 
listing herein Although homology can also be considered in terms M similarity (I j^amfrip. acid: residues having similar 
chemical properties/functions), in the context of the present Invention It Is preferred to e^«se homology In terms of 

is sequence identity. 

[0033] Homology comparisons can be conducted by eye, or more usually, with the aid of readily available sequence 
comparison programs. These commercially available computer programs can calculate % homology between two or 
more sequences. 

[0034] % Homology may be calculated over contiguous sequences, I.e. one sequence is aligned with the other se- 
20 quence and each amino acid in one sequence directly compared with the cor^sspondiing amino acklin the other se- 
quence, one residue at a time. This is called an •ungapped" alignment Typically, sue*: ungapped alignments are per- 
formed only over a relatively short number of residues (for example less than 60 contiguous amino acids). 
[0035] Although this is a very simple and consistent method, it fails to take ihtio consideration thai, for example, in 
an otherwise identical pair of sequences, one insertion or deletion will cause the following amino acid residues to be 
25 put out of alignment, thus potentially resuitrng in a large reduction in %1m^0^^m^c^ ajtgome^tls performed. 
Consequently^ most sequence comparison methods are designed to produce optimal alignments ; that take into con- 
sideration possible insertions and deletions without penalising unduly the overall homology score, this is achieved by 
inserting "jgaps 11 in the sequence alignment to try to ^ homology 

[0035] However, these more complex methods assign "gap penalties" to each gap that occurs in the alignment so 
30 that, for the same number of identical amino acids, a sequence alignment with as few gaps as possible - reflecting 

higher reiatedness between the two compared sequences - will- achieve a higher score than on* with many gaps. 

"Affine gap costs" are typically used that charge a relatively high cost for the existence of a gap and a smaller penalty 

for each subsequent residue in the gap. This is the rhost commonly used gap scoring system. Hig£ gap penalties will 

of course produce optimised alignments with fewer gaps. Most alignment programs allow the gap penalties to be 
35 modified. However, it is preferred to use the default values when using such software for sequence comparisons. For 

example when using toe GCG Wisconsin BestTit package (see below) the default gap penalty for amino acid sequences 

ls -12 for a gap and -4 for each extension. 

[0037] Calculation of maximum % homology therefore firstly requires me production of an optirnai alignment, taking 
lntbcor^ldemtion gap perjaJtles Asult^iee^^ 

40 Bestflt package (University of Wisconsin, USA; Devereux ef at> 1984, Nudek?Acio^ Research \Z 3S7). examples 
of other software than can perform sequence comparisons Include, but are not lirnlted to, the BLAST package (see 
ht^7Awww.nebi nlh.gov/BLAST Or FASTA (Atechul et al., 1990, J. Mol. BiqL, 4QMtO\ FASTA Is available: for online 
seaithihg at, for example, http'y/ww^2.ebi.acAik,fasta3) and the GENEWQRKS suite of corr^arison tqols. However 
It Isprjef^rr^ to use the GCG Bestfit program 

45 [Q038J Although the final % homology, can. be measured: (it terms of identity* the alignment process; itself Is typScjally 
not based on an ail-or-nothing pair comparison. Instead, a seated similarity score maliix is generally us^ 
scares to eaxtfi palrwlse comparison based on chemical similarity or evolutionary distance. An ^f^^^^j^^^J^^ . 
commonly used is the BLOSUM62 matrix - the default; matrix for the BLAST suite of programs, GCG Wisconsin pro- 
grams generally use either the public default values or a custom symbol comparison table if supplied (see user manual 

so for ftjrther details), tt is preferred to use the public default values for the GCG package, or In the case of other software, 
the default matrix, such as BLOSUM62. 

[0039} ©iwe the software lias produced an optimal alignments it Is possibles calculate % homology preferably % 
sequence identity. The software typically does this as part of the sequence comparison and generates a numerical 
result 

55 [0040] The amino acid sequence of on of the extracellular domains of LMP1 , LMP2 or BARF1 may be modified for 
use in the present invention. Typically, modifications are made that maintain the binding specificity of the sequence. 
Amino acid substitutions may be made, for xample from 1 , 2 or 3 to 10 substitutions provided that th modified se- 
quence retains the binding specificity with the antibody reagens according/ to the Inv ntion. Amino acid substitutions 
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may include the use of non-naturalty occurring analogues, such as homologues with cons rved characteristics (see 
table below), or D-arilino acids, or side-chain modified amino acids, synthetically modified amino acids, for example 
to increase blood plasma half-life of a therapeutically administered polypeptide. 

[0041] Conservative substitutions may b made, for example according to th Table below. Amino acids in the same 
block in the second column and preferably In the same line in the third column may be substituted for each other 



J ALIPHATIC 


Non^polar 


GAP 
ILV 


Polar t uncharged 


::C:S'T;K* ; : ;: 


Polar* charged 




J AROMATIC 




HFWY 



[0042] Peptides for use in the invention are typically made by recombinant means, for example as described in 
Maniatis et a/., supra. However they may also be made by synthetic means using techniques well known to skilled 

20 persons such as solid phase synthesis. Peptides of the Invention may also be produced as fusion proteins, for example 
to aid In extraction and purification. Examples of fusion protein partners indude giutathione-S-transferase (GST), 6xHis, 
GAL4 (ONA binding and/or transcriptional activation domains) and p-gaiactosldase. It may also be convenient to include 
a proteolytic cleavage site between the fusion protein partner and the peptide sequence of interest to allow removal 
of fusion protein sequences. Preferably the fusion protein will hot hinder the binding specificity of the peptide of interest 

25 sequence. 

[0043] Peptides, and the antibody reagents of the invention may be in a substantially isolated form It will be under- 
stood th at the peptide/antibody reagent may be mixed with carriers or diluents which: will hot interfere With the intended 
purpose thereof and still be regarded as substantially isolated. A peptide or antibody reagent of the Invention may also 
be in a substantially pudfied form, in wbten case it will generally comprise said peptide or antibody reagent in a prep- 
30 aration in which more than 90%, e.g. 95%, 98% or 99% thereof in the preparation is a peptide or antibody reagent of 
the invention, ■ • .. 

[0044] The invention also relates to a purified nucleic acid sequence, comprising a nucleic acid sequence coding for 

an amino acid sequence, chosen from the group consisting of SEQ ID nos 1 13v not encoding the full length LMP1, 

LMP2 or BARFt sequence; nor being 90% or rhpre homologous thereto: : 
35 [0045] the stalled person cart easily produce such a nucleic acid sequence when he knows the amino acid sequence. 

The nucleic acids can be used to easily produce both in vivo and in vitro the amino add sequences of the extracellular 

domains of LMP1, LMfe and BARP1 1 In order to produce antibOoV relagehts both inyiyo and in vitro. 

[0046] Pofynucleotides Of the invention comprise nucleic acid sequertaes : 0^^ Of the invention. 

It will be understood by a skilled person that numerous different polynucleotides can encode the same polypeptide as 
40 a result of the degeneracy of the genetic code, in addition* it is to be understoipo^tti^ may r using routine 

techniques, make nucleotide substitutions that affect ti>e peptide sequence encoded by the polynucleotides of 

the invention to reflect the cpdon usage of any particular host organism In which the peptides of the invention are to 

be expressed; * 

[0047] Polynucleotides of the invention may comprise DNA or RNA r preferably pNA They may be single-stranded 
45 or doubte^stranded They may also be polynucleotides which Include witfilh theni synthetic or modified nucleotides. A 
number of different types of modification to oligonucleotides are known in the art: These include methylphosphonate 
and pbbsphorothlbate backbones, addition of acrtdlhe or polyfyslhe chains at^e 3* ^b^r fe^0hdsof the molecule For 
the purposes of the present Invention, it Is to be understood that the boVnuci^otlcieS describe^ herein may be modified 
by any method available in the art. Such modifications may be carried out in £f^te^i£i^ the in vivo activity or 
so life span of polynucleotides of the invention. 

[0048] The nucleotide sequences according to the invention also comprise variants, hbrnologues and derivatives 
thereof; these are defined as a nucleic acid sequence being at least 80%, preferably at least 90%, most preferably at 
least 95% homologous to the nucleic acid sequence cttdfngtorape^ 10 nos. 1-13, or for a 
variant or derivative peptide thereof being at least 80%, preferably 90%, most preferably 95% homologous thereto. 
55 [0049] Where the polynucleotide of the invention Is double-stranded, both strands of the duplex, either individually 
or In combination, are encompassed by the present invention. Where the polynucleotide Is single-stranded, it Is to be 
understood that the complementary sequence of that polynucleotide is also included within the scope of the present 
Invention; •■ 
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[0050] Pr f rably.th nucleic acid sequences (polynucleotides) of the inv ntion are incorporated into a recomljihant 
replteable vector 

[0051] The term Vector* Is well known in the arfc The vector rnay be used 

host cell Thus in a further ernbodimeht, the Invention provides a method of making polynucleotides of the Invention 
by introducing a polynucleotide of the invention into a repllcable vector, introducing the vector into a compatible host 
cell , and growing the host cell under conditions which bring about replication of the vector. The vector may be recovered 
from the host cell. Suitable host ceils include bacteria such as E. coti, yeast, mammalian cell lines and other eukaryotlc 
celj tines, for exarrpl^ 

[0052] Preferably, a polynucleotide of the invention In a vector is operably linked to a control sequence that is capable 
of providing for the expression of the coding sequence by the host cell, i.e. the vector is an expression vector/The 
term "operably linked" means that the components described are in a relationship permitting them to function in their 
intended manner. A regulatory sequence "operably linked* to a coding sequence is {{gated in such a way that expression 
of the coding sequence Is achieved under condition compatible with the control sequences. 

[0053] The control sequences may be modified, for example by the addition of further transcriptional regulatory el- 
ements to make the level of transcription directed by the control sequences more responsive to transcriptional modu- 
lators. 

[0054] Vectors of the invention may be transformed or transfected into a suitable host cell as described below to 
provide for expression of a protein of the invention This process may comprise oulturing a host cell transformed with 
an expression vector as described above under conditions to provide for expression by the vecto r of a coding sequence 
encoding the protein; and o|$o^ expressed protein 

[0055] The vectors may for exarr^le, plasmid or vim vectors provided with an origin of replication, optionally a 
promoter for the expression of the said polynucleotide and optionally a regulator of the promoter The vectors may 
contain one or more selectable marker genes, for example an ampicillln resistance gene in the case of a bacterial 
plasmid or a neomycin resistance gene for a mammalian vector. Vectors may be used, for example, to transfect or 
transform a host ceil. 

[0056] Control sequences operably linked to sequences encoding: the protein of the invention include prompters/ 
enhancers and other expression regulation signals. These control sequences may be selected to be compatible with 
the host ceil forwhlch the expression vector is designed to be used m The term promoter Is well-known in the art and 
encompasses nucleic acid regions ranging in size and complexity froth minimaf ppprnpters to promoters incHudinfl up- 
stream elements and enhancers. 

[0057] The promoter is typically selected from promoters which are functional in mammalian, cells, although prokary- 
otic promoters and prom in other eukaryotic cells may be used, i^e prOp^ derived finom 

promoter sequences of viral or eukaryotlc genes. For example, it may be a promoter derived from the genome of a 
celt in which expression is to occur: With respect to eukaryotic promoters, they may be promoters that function in a 
ubiquitous manner (such as promoters of a-actin, b-actin, tubulin) or, alternatively, a tissue-specific manner (such as 
promoters of the genes for pyruvate kinase). Particularly preferred are tissue-specific promoters specific for epithelial 
ceils, for example the human keratin promoter sequence which specifically regulate and induce the expression of 
different keratin subspecies in differentiating epithelial cells (Caldwell et at, J; Virol, (2000) 74; 1 101-1113), and pro- 
moters, specific for lymphoid cells, In particular B-rymphocytes, for example the immunoglobulin heavy chain (eg Eu) 
promoter sequerK^, wtiich speclflcaliy regulate and induce immunoglobulin heavy chain expression in differentiating 
B-rymphocytes (Longan and Longecker J. Gen VjtpL (2000) 81 ; 2245-2252). They may also be promoters that respond 
to specific stimuli, fo^ exalte promoters that bind steroid hormone receptors Viral promoters may also be used, for 
ex^ple the ^pfene^ m leukaemia virus long terminal repeat (MMLV LTR) promoter, the rous sarcoma virus 
(RSV) LTR promoter or the human cytomegalovirus (CMV) IE promoter. 
[CW^8I It ma^ 

ologous gene can be regulated during the life-time of the ceil. Inducible means that the levels of expression obtained 
using the promoter can be regulated. 

[0059] In addition, any of these promoters may be modified by the addition of further regulatory sequences, for 
example enhaiPK»r eoqu^^^ Chimeric promoters may also be used comprising sequence elements frp^ 
different promoters described above, 

[0060] Using a vector according to. tjtxe Invention, the nucleic acid sequence encooUng::one of the aboye^entiohed 
extneic^ of p^oJcaryotic or eukaryotic or^in This saidnudeic 

acid sequence can be either incorporated into the genome of the host, or be present at extrachromosomal elements. 
[0061] Vectors and ^f^uclaotiotes of the Invention may be Introduced Into host ceils for the purpose of replicating 
the ve<*ors/pon/nucleotiofc8 anctfor expressing the peptides of the invention encoded by the polynucleotides of the 
invention. Although tile peptides of the invention may be produced using prokaryotic cells as host cells, It Is preferred 
to use eukaryotlc cells; for example yeast, insect or mammalian cells, In particular mammalian, especially human ceils. 
[0062] Vectprs/polyh ucteotides of the inventio n may be introduced Into suitable host cells using a variety of tech- 
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niques known in the art, such as transf ction, transformation and electroporation. Wh r vectors/polynucleotides of 
the invention are to be administered to animals, several techniques are known in the art; for example infection with 
recombinant viral vectors such as retroviruses, herpes simplex viruses and adenoviruses, direct injection of nucleic 
acids and biologic tran f rmation. Such a host cell may xpress the amino acid sequ nee; needing an extracellular 
domain of LMP1, LMP2 or BARF1 , or a part thereof, therewith producing sufficient amounts of the said domains or 
proteins/peptldes comprising the said domain for e g. preparation of immunogenes for active vaccination and immune 
therapy, or for the production of antibody reagents according to the present Invention (see below). E.g. see Gurunathan 
et el;; Ann: rev Immunol. (2000) 18; 927^974 

[0063] Host cells may be cultured under suitable conditions which allow expression of the peptides of the Invention 
Expression of the peptides of the Invention may be constitutive such that they are continually produced, or Inducible, 
requiring astlmulus to initiate expression In me case of inducible egression; protein production can be fnftiated When 
required by, for example, addition of an Inducersubstance to the cutture medium> for example dexamethasone or IPTG 
[0064] Peptides of the invention can be extracted from host cells by a vajlety of techhio^es know in the art Including 
ehz^j^ic r ;chemica( and/or osmotic lysis and physical disruption. 

[0065] Further, the Invention relates to cells, preferably mammalian cells, more preferably human cells transformed 
with a vector according to the Invention. The term Irahsforriiatiohr refers to any method of bringing: forefgn genetic 
material into a host cell. Using prokaryotlc host cells, the term transformation 0 is commonly used in the art However, 
this term also encompasses 'transf ectton*, the term commonly used for bringing foreign genetic material Into eukaryotfc, 
in particular mammalian cells. Uptake of naked nucleic acid constructs by mammalian cells Is enhanced by Several 
known transfection techniques for example those including the use of transfection agents. Example of these agents 
include cationic agents (for example calcium phosphate and DEAE-dextran) and lipof ectants (for example li^fectam TM 
and transf ectam™). Typical fy, nucleic acid constructs are mixed with the transfection agent to produce a composition. 
[0066] the present invention also relates to an antibody reagent capable of specifically binding to an amino acid 
sequence, chosen from the group, consisting of SEQ ID nos. 1-13 and to ah amino acid sequence, haying at least 
80% preferably 90%, most preferably 95% or more homology with one of the aniino acid sequences of SEQ ID nos 1^1 a 
[0067] Thus, the present invention also covers antibody reagents, specifically binding to variants, homologues or 
derivatives of any of the peptides having SEQ ID hos. 1-13 of the present invention, an d covers variants , homologues 
or derivatives of the nuole^tide sequence coding for the said peptides 

[0066] 'Capable of specifically binding' refers in this case to a specrteepitope^antibo^ldlotype interaction, excluding 
unspecifJc protein/protein interaction. The binding of the antibody reagent to the defined amino acid sequence con- 
taining peptides is mediated via the vidiotope'' on the antibody. The idiotope Is contained as a conformational domain 
within the variable region of the antibody molecule and is created by the 3«^irnehslonal folding of the so-called com- 
plementary determining regions. Binding via the constant or flanking domains that form to^ 

is not considered specific The peptides according to the invention therefor comprise at least one epitope The terms 
epitope and idiotype are known in the art; reference is made to Roitt I.M., Essential Irinmuriplogy, 9th Edition (1097)/ 
Blackwell Science inc. New York, USA 

[0069] An antibody molecule consists of an antigen binding moiety, usually referred to as th^ 

part referred to as the constant dpmain(s) and a part mediating blblogte functions, usually referred to as the Fc-part 
which also comprises several constant domains. The antigen-binding domain of the antibody Fv-frag/nent consists of 
several conformational^ defined amino acid sequences, called the complementary determining 
form a three dimensional structure capable of interacting with a distinct antigen molecule, which may be a hapten, 
oligosaccharide, oligonucleotide, oligopeptide, protein or alternative' moieOules Such antige^-blridihg db^ 
expressed In a variety of molecular forms and complexes, While maintaining its antigen-binding properties. Such anti- 
bodies, antigen-binding domairis or Fv molecules are herein collectively referred to as u ahtibody reagents"; 
[0070] The terms "variant" or "derivative" in relation to the amino acid sequences of the present invention Includes 
any substitution of, variation of, modification of, replacement of, deletion of or addition of One (Or rhore) a>fiind ^clds 
from or to the sequence providing the antibody reagent according to the present invention is capable of specifferty 
binding resultant amino acid sequence preferably having at least the same binding specificity therewith as with the 
polypeptides presented In the sequence listings! Such variants and derivatives are encompassed by the present In- 
vention. • V/j-'' 
[0071 ] The terms "variant" , "homologue" or "derivative" I n relation to the n ucieotide seq uericse of the pfesentlnyehtioh 
include any substitution of, variation of, modification of , replacement of, deletion of or addition of one (or rnore) nucleic 
acid from of to the sequence providing the resMltaint nucleotide sequence codes for a peptide with whfch th^ aniNbo^ 
reagent according to the invention is capable to specifically bind/preferably having at least the same binding specificity 
with the said antibody reagents as the sequences presented In the sequence listings. 

[0072] Antibody reagents may be produced following specific tmm u n Isation Of animals including humans, by selecting 
and immortalising naive or specific, antibody producing B-cells and by genetic engineering, e.g. by generating expres- 
sion libraries using the genetic information Included in such B-cells Le. by cloning animal or human repertoires and 
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xpressed in microorganisms or by cornpl t artificial cqnatructiofv of such libraries. 

[0073]. Antibody reagents directed against extracellular domains of proteins incorporated in a cell's membran t but 
distinctly extruding f torn the cell surface, have been shown to bind to the target ceils surface and mediate a variety of 
biological properties. (Glenhie MJ and Johnson PWM; Immunol. Todiay (2000) 21 ; 403-41 0). 

5 [0074] Upon binding, such antibody reagents may Induce aggregation and intemalisation or release of membrane 
proteins from the ceil surface. Attemativeiy, antibody reagents bound to the ceil surface may bind and activate ^ com- 
ponents of the complement cjascade, causing lysis of the targets ceils. Similarly, cell-surface bound antibody reagents 
may bind to Foreceptors i on ^ ^WIIei'Hymphocytfts and subsequently activate the killing process leadlngto lysis of the 
target ceil, Furtheimore. antfb^ reagents eq radioactive substances or alternative bio- 

w logic response modifiers, the target celts. Additionally, antibody reagents may be 

incorporated 111 cell^urfece liotecuf re^ireeting such cytotoxte ^ 

to the target ceii finally :iant)b^ labels or alternative tracer molecules may be 

employ^ in detecting a^ 

[0075] By using synthetic peptides vyith a linear ^ with or without additional modification for 

is specific Section, spex^ae^ 

[007ft] Polyclonal a^ibo^ immunisation of rabbits wto the aminp acid 

sequence of which were based on parts of 1h^ tai w amino acid sequonces of LMP1 andLMP2, : located between the 
hydrophobic,^ Further, synthetic peptides, oornprising parts 

of the putative single transmembrane domain of BAfcF* were used* 

20 [0077] Further; rhonocJdi^ aWfc diversity expression librariee{seee^ 

andChames, Immunology Today (2000), vol, 21 , no. 8, pp 371-378 for a review. Using the antibooV reagents according 
to the invention, it could ; be dem LMP2 and BARF1 comprise extra cellular domains, that are 

exposed and a^e^lble transformed celfe for antibody reagents and may therefore be a 
target for spec^ fe^ape^ 

25 [0078] The antibody reagents according to tfc* present invention are spiecificalry suited for binding to eev+ (tqmou r) 
cells in the circulation, in human (tumour) tissue in Vivo and in other biological samples potentially containing EBV- 
infected cells in vitro and in vivo. 

[0079] The ajitibo^ rea^ are speciflGaiiy sorted for tfte detection of positive 

(EKV+) tumour cells m periphe^ bloo^ tissue samples ajrid thin sections thereof and: for targeting 

30 gene-therapy vectors, "killer* lymphocytes, radiolabels, toxins and additional biological modifiers to EBV+ tumour cells 
in patients and in b^^ 

[0080] The term antibody reagents 1 has i^n: defined above. According to the invention, antibodies may as well 
comprise mutations, such as deletion, addition and substitution mutations, as long as such a mutated antibody : reagent 
is still capable of specittc^ly: blndii^ to one of the above-mentioned amino acid sequences The antibody reagents 
35 can de used for binding EBV-infected ceils both in vivo and in vitro. 

[0081] In a special embodiment, the invention relates to a method tor the production of targeting cells, targeted to 
cells expressing LMP1, ii^ 

- transfecting the ceils with genetic information for the. antfeody reagent according to the invention; 
40 . expressing said antibody reagent on the surface of the said targeting cells. 

[0082] Such targeting celts wilt be able to bindcefls expressing LMP1 , LMP2 and/or BARF1 . The targeting cell can 
e.g. be derived from primary T-, NK (natural W«er)-lymphocytes (a Fc^ecepter bearing Idllec cell or a macrophage) to 
increase or mb!3f» their p^c^ifa 
45 rating genetic information derived from the antibody reagent into the said cells, and translation thereof and incorporation 
of the translated products into cell surf modifiediT 

nition , binding end S5*|c^ o&eti^^ cells (examptes: feJ Bolhuisand J 

W. Gratama, Gene Therapy {1 988) 6: 1153, WHiemsen et al, Gene Therapy (2000) 7. 1369; Colagero etal, J. Immu- 
notherapy (2000) 23:393). 

so [0083] Upon binding to an EBV infected cell expressing LMP 1 , LMP2 and/of BARF1, the targeting cell inactivates 
the infected cell by triggering: eug. a lytte cascade therewith specifically fusing tfteEBV infected ceil 
mm In arwtt^sft^^ m^toarr^ 
tk^es, targeted to cells expressing comprising the steps of: 

55 - cloning the genetic information for the antibody reagent according to claim 1 into tfce viral genome 

- expressing the said antibody on the viral coat of the said viral particles. 

[0085] Antibody reag nts are used to genetically influence or alter the receptor binding characteristics of virus s 
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currently used for gene therapy approaches, which provides such viruses with Improved specificity for binding to cq. 
penetration of defined targ t cells, thus improving their therapeutic specificity and effectiveness (see, e.g : Dimitnev 
etal J. Virol (2(306) 74: 6875) 

[0086] In the above^entibried viral system according to the invention, the viral particles will b able to bind EBV 
Infected cells expressing LMP1 , LMP2 or BARF1 on their ceil surface. Such a viral partlcte may be genetically engi- 
neered such, that it comprises genetic information for a toxin or any alternative bioactive molecule that Is expressed 
upon binding and penetration of the viral particle Into the EBV infected cell, resulting in specific infection of the LMP1 , 
LMP2 or BARF1 expressing ceils. 

[0087] As the antibody reagent specifically binds to EBV+ tumour cells, such a reagent is particularly useful as di- 
agnostic or therapeutic a^ent in patients carrying EBV positive tumours. Antibody reagents may be linked to a radiol&bei 
(I I3i/i25 t Technetium, ea), toxin (Rfein A, Diphteria Toxin, ea ), prodrugs or in fact any biological response modifier (IL- 
1 2,IP9,ea;) ( thereby mediating improved delivery of the label to the target cell This may result in specifically enhanced 
diagnostic visibility of email nests of tumour cells (e.g. when using radiolabel) or killing of the targeted cells (e g. either 
when using radiolabel or toxin) or attracting and activating immune or bystander cells near the target cell (e.g; when 
using rymphokine). (Examples: M.J; Glenhie and P.W.M. Johnson, Immunol, today (2000) 21: 403, Van Sprtei et al, 
Immunol. Today (2000) 21 : 391 ; P.J. Hudson, Curr. Opinion Immunol. (1 999) 1 1 : 548); Heff rich et al., J. Immunol. Meth. 
(2000) 237: 131). 

[0088] The peptides, polynucleotides and antibody reagent according to the invention can advantageously be used 
in a medicament In particular for treatment of EBV Infection. The peptides according to the Invention can be used as 
immunogen in a medicament; such as a vaccin, I.e. as active Ingredient for treatment of EBVrinfection! Upon admin- 
istration of such a medicament to a subject, the Immune system of the said subject will generate antibodies against 
the peptides, which antibodies Will also be reactive against EBV+-cells, expressing profeihs comprising the safdpeptide 
sequence on their cell surface Accordingly, polynucleotides according to the invention can be used in a medicament, 
in particular for treatment of ^ 
and/or translated into ^ the peptides a 

Also/the antibody reagents according to the invention can be used in a medicament, in particular for treatment of EBV- 
infection In that case- the antibody reagent is preferably coupled to a toxin or omer biorogical modiHer the said toxih 
or modifier can, upon administration of the antibody reagent to a EBV-infected patient, be coupled in a specific manner 
to EBV+cells (i.e. EBV+ tunHour cells) of the individual, leading to a specific killing of substantially only EBV+celfe 
[0089] the peptides, nucleic acid sequences and antibody reagents of the Invention may preferably be combined 
with various components to produce pharmaceutical or diagnostic compositions or medicaments of the invention Prefr 
erably the cbmposltlohs a 

composition (which may be for human or animal use) Suitable carriers and diluents include isotonic saline solutions, 
for example phosphaterbuffered saline The composition of the invention may be administered by direct Injection the 
composition may be formulated for parenteral, Intramuscular, intravenous, subcutaneous, intraocular or transdermal 
administration. Typically, each antibody reagent may be administered at a dose of from 0.01 to 30 mo/kg body weight, 
preferably from 0.1; to 10 mg/kg, more preferably from 0.1 to 1 mg/kg body weight. For example, in the art, ahti-Cp20 
rituximab is used at 375 mg/m 2 body surface, which equals about 10 mg/kg body weight (Yang et al, Blood ^ (2000), 
4055-4063) and anti-CD25 Daclizumab is used at 1 mg/kg (Vlcenti et al, New Engl. J. Med. 338 (1 998), 161465). * 
[0090] Porynucleotldes/vectors encoding a peptide according to the invention may be administered directly as a 
naked nucleic acid construct, preferably further comprising flanking sequences homologous to the host ceil genome 
When the polynucleotides/vectors are administered as a naked nucleic acid, the amount of nucleic acid administered 
may typically be in the range Of from 1 u,g to 10 mg, preferably from 1 00 jig to 1 mg 
[0091] Preferably thepOfynucleotide or vector of the Invention is combined with a phamh 

or diluent to produce a pharmaceutical composition Suitable carriers and diluents include isotonic saline solutions, for 
example phosphate-buffered saline the composition may be formulated for parenteral, intramuscular, intravenous, 
subcutaneous, Intraocular or transdermal administration It is also possible to Incorporate a transection agent : such 
as the above-discussed cation Ic agents In the composition or medicament 

[0092] the routes of administration and dosages described are intended only as a guide since a skilled practitioner 
will be able to determine readily the optimum route of administration and dosage for any particular patient and condition 
[0093] In particular, the Invention relates to a method for diagnosing EBV Infected cells, especially EBV+ malignant 
cells and EBV mediated diseases, comprising the steps of: 

taking a sample of cells of an individual, suspected of carrying said Infected cells of disease; 
- contacting the antibody reagent with the said ceils; 

reacting the antibody reagent with the said cells, forming a complex of antibody reagent, bound to an EBV infected 

ceti; v. ;.; :z ; ; :. :\ *.. ; : : .. :.. 

assaying for the presence of the said complex. 
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[0094] Samples comprise body fluids, such as blood and isolated blood leukocyte preparations, peritoneal, cerebro- 
spinal or pt ural fluid aspirates that may contain potential EBV^canying tumour cells w tissue biopsy iipecimens r 
cells obtained thereof It is advantageous to; refroye no^ ° £ b * on or 

more washing steps Assaying for the presence of the complex can be oH)ne a^rding to te^nlqMoa Icnbwri in the art, 
by e«g, using known immunofluorescence or immuno^n^^ 

glass slides and analysing them by fluorescence rnlcroscopy, or by analysis of stained cells in suspension using FACS- 
techniques or by using in situ immunohistochemical staining techniques. 

[0095] For example EBV+-tumour ceils or circulating ^V^infected cells In blood may be visualised to sito by means 
of Indirect anti-LMP1 antibody staining In fixed ^p^^^f^^m^ur tissue sectton* of patients with various EBV- 
assoclated: cancers and/or acute primary ^Wrtfia^Q^ be use<ito directly vis- 

ualise ^lecetts^^ 48: 438; Wagner et al, Clin Diagn. 

LaJx Immunol. 

[0096] In another embodiment, the invention;^ expressing LMP1.LMP2 

orBAf?W=^^ 

isolating a number of cells from an Individual 

- contacting the isolated cells with an antibody reagent according to the invention 

- negatively selecting me cells expressing IMP 1 , LMP2; of BARF 1 on their cell surface, Wherein cells, not expressing 
LMP1 K LMP2 or BARF1 on their cell surf ape survive. In this wa£ Ithe isolated; oe|s. not expressing the EBV specific 
cell surface proteins survive and are 'cleaned* fr^ (tumour) ceils The method is par- 
ticularly Important when the surviving ceils are to be rolmplanted into the individual. 

[0097] Methods for negatively selecting cells are known in th0 art; the amibooy reagent may e.g, be coupled to e.g. 
magnetic beads, a lysing function, a function mediating complement depositioh on .die surface of cells binding. the 
antibody reagent of Greeting killer cells to the surface of j^ese cells ^ mM pewm will be aware of numerous 
other methods for negative s^^ may aJso to con- 

templated as a combination of the contacting and selecting step Lysing the cells is a preferred way of negative selection. 
[00981 The aboVe-m^ beused^ ^neiria^ow 

cells areteo!ate^^ 

subjected to radiation or chemotherapy. According to the invention^ bone man^ow specimens may be cleaned from 
tumour ceils prior to relnfuslon ito ltie patient by incub reagent and subsequent contact 

with complement or killer cells, leading to the specific elimination of those cells that have bound; the antfoody reagent 
to their surface (see e g. Berkahn, J Hernatother^Stem Celt Res (2000) 9 147; Schroder et al, Clin Cancer Res. 
(2000)i€f 2eat) 

[0099] the invention will be further Illustrated with the ^following flgures and examples, which are not meant to limit 
the scope of the Mention. 

Figure 1 is a schematic diagram of the putative strtjeture of LMP1 ; 
Figure 2 Is a schematic diagram of the putative structure of LMP2; 

Figure 3 A-D show ar^o^ reactivity me^Mre^;# pr©teiiH»ated EUSA of rabbit 

antW-jMP1 loop sera (1 100) before and after Inununls^Q of rabbit serurn-denVed purified 

Figures 3 E-F show similar analysis with rabbit anti^P2l^ 

Figures 3 <3M show the reactivity of the sera of GuMea pigs irnmuhtsed with different peptides derived from the 
BARP1 sequence; 

Rgure 4 shows an Immunobjot of f uil leng^ 

sera from animals Immunised with the relevant peptio^as descrfeed in Rg. 3; 
At : MoAb OT22CN ahti-LMP1 N-terminus 

B1 : Pre-eerurh B2: K153 anti-LMP2 (SO^Ftt&fepu^ a& Bl -Z 

B7: antl-LMP2 Loop 5 pre-eerum B8: antt^P2 ioopS BMO; Similar for 

C4: Pre-eerum C6 GP^rttl-BARFl-N-term C6: Pfe-eecum C7r GP*antkBARFf ^middle 

C8; Pre-eerum C9; GP,anti-BARF1^ 

Figure 5 shows a microscopic view (2O0x) showing cha|^e>1stlc .^Pt-e^ific staining of acetone-fixed and 
penneabilised JY^te^ 

Figure 6 snows bar diagrams showing results of pefrtWe EUI$A wtttt Individual PhagevAb clones (Indicated below 
each baO* selected withal 

Figure 7 shows results of DNA fingerprint analysis for ihdr^ej ^ the third selection round using 

LMP1 -loop-1 and lopp-3 peptides; 
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Figure 8 shows an ECL-western blot analysis using purified LMP1 as antigen, testing solubl human phag derived 

Fab's; Lane 1 and 2 represent negative and positive control reactions respectively, obtained with a non-relevant 

and an anti-LMP1 -specific monoclonal antibody Lanes 3-13 show that for some soluble phage Fab's 

(#3,4,5,6 7,10) a weak reactive band was detected at the expected slz f full length LMP1. 

Figure 9 shows a diagram showing the pepMe^ELI^ reactivity of induced phage colonies after selection oh JY- 

cells. 

Examples 

General methodology reference 

[0100] Although In general the techniques mentioned herein are well known In the art, reference may be made in 
particular to Sambrook eta/.. Molecular Cloning, A Laboratory Manual (1 989) and Ausubel etai. Current Protocols in 
Molecular Biology (1995), John Wiley & Sons, the. 

Example 1 

£0101] Design of LMP1 , LMP2 and BARF1 derived peptides with a putative extracellular localisation. 

[0102] The amino acid sequences of LMP1, LMP2 and BARF1 have been defined in previous studies and are readily 

available in the Genbahk and Swiss-Prot databases. 

We wished to define and demonstrate the existence of extracellular domains on these proteins as expressed in naturally 
infected and transformed (tumour) cells. 

[0103] Therefore, as a first step we used the amino acid sequence derived from DNA encoding the LMP1 , LMP2 
and BARF1 proteins and localised the putath/e transmembrane domains by hydrophbbicity analysis using the GCG 
protein analysis program (University of Wisconsin, Genetics Computer Group Inc.). 

This analysis revealed LMP1 to contain a hydrpphilic N-terminus of about 20 amino acids followed by 6 subsequent 
hydrophobic domains, forming 6 repeated putative intra membrane helices connected by three short intracellular 
charged sequences and three putative extracellular are referred to as LMP1 loop -1 r -2 and -3 (Figure 

1 ), then followed by a hydrophilic C-terminus covering amino acids 1 86-386 LMP2 contained hydrophilte H- end e- 
termlnal sequences separated by 12 putative transmembrane membrane suggestive of 6 membrane crossings 

and with 6 extracellular domains referred to as LM Pz loop i -6 (Figu re 2) : 

Analysis of the BARF1 gene revealed a short N-termihat domain With a potential signal sequence, followed by a single 
short hydrophobic domain arid a large C-terrninal domain characterfetic of "cla^ic" -t^e-l transh^ 
with a large and possibly glycosylated extracellular domain. 

[01 04] For the selection and synthesis of peptides potentially mimicking the extracellular LMP1 and LM P2 loops/two 
strategies were followed: 

1 . Linear peptides were made according to Seq.lD1-3 for LMP1 and Seq.lD 4-9 for LMP2, which include ail of the 
putative extracellular amino acids corresponding to the Individual loops, flanked on each side by two hydrophobic 
amino adds putatlvely forming the start of the membrane anchoring a^heJIx. 

2. Structurally constraint circular peptides Were made using the sequence of the linear peptides defined above, 
but flanked on each side by an additional cystein residue, Which were oxidised after synthesis to form a covalent 
S-S bond, thereby forcing a circular ^ structure upon the peptide. 

[0105] Each peptide was further synthesised With and without ah additional stretch of 1-3 Lysine residues at the N- 
terminus to facilitate cdyalent coupling to a carrier protein using giutaraldehyde or alternetrvely to facilitate cWalent 
coupling of a biotin residue with orwithout a eleavable linker to facilitate the coupling of peptides to immobilised strepta- 
vidih. 

Examples of the synthesis strategy for loop-3 of LMP1 and loop 5 of LMP2 are indicated schematically In Figure 1 and 
2 respectively. 

[0106] For BARF1 specific peptide synthesis, sequences were selected from SeqJDIO, 12 and 13 incorporating 
several charged amino acids plus at least one proline residue, the combination of which enhances the surface prob- 
ability of the selected sequences. 
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Example 2 

Generation of antibody reagent* rea<#y* wfl|i putative exti^ UflP2.an<t 0ABF1 

proteins by immunisation with de*Jgr*toci putative extracelluiwck>maln-sf>ecific peptides and demonstration 
of the existence of these extracellular domains In EBV^transformed ceil lines. 

[0107] There is no direct proof for the existence and accessibility of LMP1 , LM P2 and BARF1 domains on the outer 
surface of naturally EBV-lnfected transformed (tumour) ceils. 

Therefore, we first aimed to create specific reagents that would deflne euch domains and would aflow the demonstration 
of the functional accessibility of these domains. 

Methods:. 

[0108] Peptides were made using fMoc chemistry using a solid phase peptide synthesizer (Applied Blosystems, 
USA) Following add cleavage from the resin, peptides were washed repeatedly with diethylether and purified by 
RP-HPLC (Beckman System Gold).When relevant, peptides were circularised by oxidising the sulphydroxy-groups. 
Finally peptides were freeze-dried and stored at 4*C in 1-10 mg aliqupts. Purified peptides were dissolved by slow 
heating to 50*C in dimethylsulfoxide (DMSO) to a concentration of 10 mg/ml and; diluted 1 :40 in saline prior to use for 
immunisation of rabbits or guinea pigs. For each Immunisation 200 ug pe^de was Incubated with 15^1 of 2,5 % glu- 
taraldehyde and 1 Z mg purified keyhole limpet Hemocyanine (KLH) or 0,5 mg tetenu^ toxoid: (TTd) in tnedark at room 
temperature (RTF) for at least t hour (h). the coupling was stopped with 60 uJ stabilising buffer (1 M Glycine, pH8.0) 
in the dark for 1 h at RT. PBS was added to a final volume of 1 ml andmtxed ^ f^^^^W^^ Freunds adjuvant 
This preparation was used for immunisation of animals by subcutaneous ^ 



Tablet: 



Summary of the animal sera used in the examples . 




Animal 


Antigen 


Sequence used 


Adjuvans 


K97*1 


Ttd^Pt^lbopI 


Seq.lD.1 


F€A/F*A 


K97-54 


k^4j^p^o^< 


Seq.lD.l 'I'-I-^i'l / 


:. FGA/^A 


K97^55 


TTd-LMP1-loop3 


Seq,ID.3 


FGA/RA 


K97.J56 


K^-U^^1-loop3 


Seq ID.3 


FGA/FfA 


K1J21 


LMPt(181-38|S)-pGal 


Intracellular domains of LMP1 linked to 
pGaiactosidase 


FCA/FiA 


K97-47 


KLH-LMP2Hoop2 


Seq.lD.S 


FGA/FIA 


K97-43 


^-LMK-ioopo 


Seq ID ,8 


FCA/RA. 


Gp-N 


KLH-I3ABF1 ^AA40-79 


Seq.ID.1p 


FGA/FIA 


Gp-M 


KLH-BABF1 -AA1 65V188 


Seq DO 12 


FCA/FlA; 


Gp-C 


KLH-BARF1 -AA180-221 


SeqXBD 13 


> FGA/F1A 


■ K=rabblt, 
Hemocyanine 


Gp-guinea pig, N^-ternilhal, M-Middle, C^termihMT^ 
FC(l)A^Freunds (In)Complete Adjuvant 


=Ke^ole Umpet 



Results: 

1 . Polyclonal antibody reagents directed against putative eorti^Huto^ ,n 
sera from peptide Immurdsed animals: 

[01091 Pre-serum and senim was obtained from rabbits after the third immunteation with the respective peptides 
(Table 1 ). Sera and protein A purified antibody reagents (Ab's) from these sera were te^UflMPA -protein and LMP1 
loop-peptide specific reactivity using ELISA assays with purified LMP1 protein or LMP1 loop peptides coated to the 
solid phase (Figure 3A-D) and by immunoblot using extracts from E8V+ RAJI cells and EBV- RAMOS ceils (Figure 
4A). These methods are similar as described in MeiJ et al. J.lnfectpis. (1999) 179 riiO^rllis. 
Using the peptide- ELI SA's a clear and specific antibody response was seen after and no cross- 
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reactivity between the different loops was seen with the Individual; hyperimmune s ra (Figure 3A-D) Reaction against 
LMPl.loop 1 was weaker than-for LMP1 loop 3, which may be e>^la^hect by the fact that the peptide representing Idopl 
is smaller than the peptide representing loop 3. After purification of the Ab's on Prot In-A Sepharose (Pharmacia, 
Uppsala, Sweden) an ev n higher reactivity is seen against tii peptktes (Fig. 3C-D). 

Ab's from the Immunised rabbits also recognised purified recombinant LMP1 derived from the Baculovirus expression 
system (Meljet al. J.Virol. Meth.(2OO0) 90:193-204). With purified Ab's the reaction against LMP1 loop 1 Is also lower 
than against loop 3, similar as found with the peptide^LlSA. 

[0110] Reactivity of Ab's In sera from peptlde-lmmunised animals with Intact full length LMP1 , LMP2 and BARF1 
proteins was analysed by immunostalning of western blots as shown in Figure 4 Antigens applied to the blot consisted 
of partially purified extracts of LMP1 , LMP2 proteins expressed In the Baculovlnis-SF9 Insect cell system (MeiJ et al, 
1 9©9) and GST-BARF 1 fusion protein expressed in fec^ II (^^ 

[0111] immunoblot analysis, using purified Ab's reactive with LMPI loop 1 and 3, shows a clear band at the appro- 
priate position of 62 kO (Figure 4A) and thereby confirming their binding to the full length protein. 
[0112] Similarly, LMP2 loop-specific antibody reagents were of rabbits with LMP2 derived 

loop 2 and loop 5 peptides The resulting sera and Ab r s contained thereih showed LMP2 and LMP2 loop specific 
reactivities In ELISA and immuripblot (Figure 3 E-F and 4B) 

[011 3] Similarly, BARF1 -specific Ab's were made by immunisation of guinea pigs with BARF1 -derived peptides rep- 
resenting putative extracellular domains (Figure 3 G, H, I and 4G), 

[0114] The results of these studies indicate that immunisation with LMPil loop-1 ,r2,-3, LMP2 loop-2,-5 and various 
BARF1 derived peptides yield antibody reagents specifically reactive with the respective loop-peptides as well as the 
full length LMP1, LMP2 and BARR : protein, 

2. Staining of LMP1 and LMP2 in fixed JY cells or unfixed viable J V cells. 

[0115] JY cells* a human S-cell line created by E8V B95-8 1 nfection and transformation of human primary peripheral 
blood B-celts were grown to the log phase, washed with PSS and spun onto glass slides and subsequently fixed With 
cold acetone. 

[0116] To reveal the presence of LMPI and LMP2 in these ceils and to demonstrate the binding of anti-LMPi and 
anti-LMP2 loop Ab°s with the natural proteins in EBV+ ceils, fixed cells were incubated with appropriate dilutions of 
anti-loop Ab's or control Ab's reactive with intracellular domains of LMP1 and LMP2 washed and bound antibodies 
were visualised by second antibodies conjugated to HRP and DAB staining 

[0117] An example of LMPi staining is shown in Figure 5A, which reveals a rather heterogeneous staining charac- 
teristic for LMP1, which is known to aggregate in intracellular arid plasnia membranes. Also the variable staining of 
indlvlduarcells is characteristic b yet unexplained: 

[01 1 8] To verify whether Ab reagents created by animal immunisation with putative extracellu far domains of IMP 1 , 
LMP2 or BARF1 indeed would react with the outer surface of viable EBV-transfonned tumour cells, and thus confirming 
the existence and accessibility of these putative extracellular domains, indirect immunofluorescence staining of viable 
EBV+ JY and EBV- RAMOS cells was done The procedure was simitar as described by Mlddeldorp et al J. Virology 
(1986) 54 240-244. JY and Ramos cells wore grown to the log phase and washed in Hank's buffer at +4°C and Incu- 
bated with antisera or purified Ab's at expropriate dilutions In liee-coid Hank's solution for 1 hour onrheltlrig ice, washed 
with teecbld saline and Incubated with swine-anti-rabbit-FITC diluted jn Hank's solution and washed again. Stained 
cells were spun onto glassslldes using a cytocentrifuge, f ixed with a 1 :1 mixture of Icecold water free acetone/methanol 
and analysed by fluorescence microscopy Surprisingly, antibodies directed against LMPI ioop3 show a clear brilliant 
and patchy rim around the plasma membrane of the JY cells and no reaction around the RAMOS ceils. Staining for 
LMPi lodpl was relatively weak on JY-cells (data not shown) ft Is possible that the lower intens the staining for 
loop 1 was due to the lower immune response or reduced affinity of Ab's against loop 1 „ ■ 
Similar results were obtained for anti-LMP2 lo op2 arid anti-LM 92 loop5 antisera. 

[01 19] These results demonstrate for the first time the presence and accessibility of LMP1 and LMP2 derived loop 
sequences on the surface of EBV transformed cells, such as JY, 

3. Induction of target cell lysis by anti-loop Ab's using complement lysis: 

[0120] Purified Ab's against LMPI lodpl and 3 were used In a standard complement dependent 5t Cr release test 
as described by Mlddeldorp et al. J. Infectious Diseases (1986) 153:48-55. 

JY and Ramos cells were grown to the log-phase arid Washed in fresh culture medium without serum. Aliquots of rabbit 
antisera or purified Ab's were added at appropriate dilutions In medium, immediately followed by freshly obtained serum 
from non-immunized SPF-rabblts to provide a source of complement. The maximal lysis was determined by adding 
1% Triton X-1 00 instead of rabbit complement, positive controls consisted of rabbit anti-p2Mlcroglobulin antibodies 
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(DAKO 0 Denmark) and negative controls consist^ of pr^fT^uno aara from all rabbits analysed 
Th results from these experiments show that^ain sera from anJmaJs irfrmunlseidagatnat ^^ 
capable of mediating specific lysis of LMP1 ex£r<*^g;jy^ 
against loop3 and complement 
s For Ab's against loop 1 the resutts were only borderline positive, possibly related to the tow Ab-tlter obtained. 

[0121) These resutts demonstrate that antiCMPI , LMF2 and BARF1 Ipop-peptide specific antttx^ reagents define 
and recognise cell surface exposed domains derived from the native proteirr and are capable of mediating the lysis of 
celts expressing these domains. 

[01 22] Overall, these results also demonstrate that specific Immunisation with synthetic peptides of putative extra- 
10 cellular domains of LMP1; LMP2 (and BARF1) Is^pa^ 

exposed regions of these proteins and that such responses: can relate the ty;sis oJc$lfe;^ 

Example 3 

is Generation of human antibody reagents reactive with the putative extracellular domains of LMP1, LMP2or 
BARF1 from a human phage-ahtlbody library by phage display selection with synthetic loop-domain specific 
peptides. ' 

[0123] The generation of mouse and/or rat monoclonal antibodies by animal Irrjmun^^ 
20 fusion technique of Kohler and Milstein is well known. However, this methodology do^ of 
human monoclonai antibodies, which are the preferred anttoody reagents for in vivo{ex viy^ 
Since The LMP1, LMP2 and BARF1 proteins are hardly immunogenic in man (Meij et al. 1 999), the production of 
human antibodies with specificity for the extracellular domains of LMP1 V LMP2 ^^^^t^^g^fjt forward 
Therefore, we tried an alternative approach by using the novel and specifically constructed (rtowdeflned) extracellular 
25 domain peptides, described in example 1 and 2, to select for specific human arrtfoody ^ 
libraries expressing the human antibody repertoire: as ^ 
phage surf ape. 

[0124] Only selections with LMP1 -derived reagents will be demonstrated. 
30 Methods: \1 
a. Library construction: 

[0125] The construction of human antibody libraries and selection of reactive an^bo^ t^ 
35 techniquesand the expression of recombinant hurnan^a^ 

publications [McCafferty et al., Nature (1990), 348: 552; Griffiths et aL, EMBO> J. (19941 Marte et at, J. Mol. 
Biol. (1991) 222: 581; Vaughan et al., Nature Biotech. (1996) 14:309; and de HaardetaL, J. Biol. Chem. (1999) 274: 
18218... 

For this study we used either a single chain antfoody phage library as describee! by Vaughan et af.(1996) or a human 
40 Fab fragment library as described by de Haard et al. (1 999). 

For selection of LMP1 LjMP2- and BARFt-reSetive phages we used a similar peptide synthoeis strategy asdescrtoed 
In example 1 *2 and shown in Figures 1 and 2. 

Either linear or circularised constraint peptides were used. All peptides contained a biotin moiety which was linked to 
the N-terrnlnus of the peptide by means of a cleavable linker^ allowing ep^ to be 

45 released after sequestration on Streptavtdine^ated magnetic beads. 
Peptides relevant for this example am shown in tatrfe 2 



Tabte2 



LMP1 derived peptides used in this study for phage selection purposes (AA sequences deijyM ^ 
prototype LMP1) 


Peptide (AA position) 


Sequence 


LMP1 -Loop! -Lin (41-56) 




UWP1-Loop2-Un (94-108) 


H2N-K*^^ 


LMP1 -Loop3-Un(1 57-172) 


H2N-WK<>ALYLC^NWVV^ 


LMP1 -Loopl -Bio-SS-NHS 


Bio-SS-NHS-#CKK<>YIVMSD^<3^^ 
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Table 2: (continued) 



LMP1 d iived peptid s used in this study for phage selection purposes (AA sequences derived from the B95-8 
prototyp LMP1) 


Peptide (AA position) 


Sequence 


• LMP1 *Lopp2-Bio-SS-NHS 


Bio~SS-NHS-ICtf^ 


LMP1 -Loop3-Bio-SS-*JHS 


Bio-SS-NMS-iCK^^ 


LMP1-Blo-Lo6p1-eiR 


Bio-tf#CC^YIVM6D^ 


LMP1-Bld-Loop2-CiR 


Bio^KKC*LIAtW 


LMP1r&o-Lpoo3rCIR , , 


Bio KKC-ALYLQQNV^^ 


Bold-Italic = AA's added for technical reasons, not Included In the natural sequence 
*these peptides are circularized by covalent erossiinking of trie C^C group 



/ 



b. Screening, selection and characterisation of the LMP1 loop1-3 reactive phages using synthetic peptides: 



[0126] For the selective panning of LMP1 -loop peptide binding phages from random phage repertoires, blbtinylated 
20 peptides of LMP1 loopt , 2 and 3 were immobilised to streptavldjn^ Norway) for 30 min. at RT 

Non-speclflcblnding places were blocked by using 3% dry milk powder (Marvel) and 10% DMSO in PBS for 1 nr. During 
this time phages were also intubated with 3% Marvel and 10% DMSO In PBS for 1 hr at Rt After 1 hr phages and 
streptavidin -magnetic beads (with or without immobiilsed peptides) were added together and Incubated for 1 hr at RT 
The magnetic beads were subsequently washed 10 times with PBS and specific bound phages were eluted by adding 
25 50 mM DTT in H20 for 10 minutes to reduce the cleavabfe S^S linker, 

After the third and fourth round of selection 46 single colonies were screened for production of phage-bound or soluble 
Fab's reactive with the corresponding peptides or full length LMP1 protein (see methods for ELISA's and immunoblot 
analysis in example 2). 

Fingerprint analysis, production of phages and production of soluble Fab's were performed as described by McCafferty 
30 et al (Nature (1990), 348 552), Griffiths et al (EM BO J 1994 13 3245), Marks et al (J Mol Biol, (1 991) 222: 581 ); 
Vaughan et al., Nature Biotech^ 1996) 1 4:309 and de tiaard et al J. Biol. 6hem;274 {1999); 18218-18230. 

Results: 

35 1 . Selection Ab-reactivlty against the extracellular parts (loop 1 , 2 and 3) of LMP1 In human Fab phage-librarles 
Using synthetic peptides as antigen: 

[0127] In a first series of experiments a single chain antibody library as described by vaughan was used to select 
phages with LMP1- loop peptide-binding activity 

40 Although specific looprpeptide bindlnjg phages were found that did not showed arty binding to the streptavldine control 
plates, detail binding phages showed sirrillar reactivity to different Indivklual circu- 

larised constraint peptides used In the selection procedure No reaction was seen with the linearized form of these 
peptides. Therefore It was concluded that the common structure In these peptides, being the S-S bond and adjacent 
lysine groups (see table 2) was responsible for generic, binding to the individual phages Indeed a non related peptide 

45 with a similar 3-Lyslne S S constraint linker confirmed the generic character of the selected phages Additional selec- 
tions did not reveal any peptide-specific binding. 

From these experiments It was concluded that the Vaughan type library either produced ScAb's with insufficient binding 
characteristics or contained too little Ab-diversity to rapidly provide a source Of LMP1 loop-peptide specific binders and 
subsequently we switched to using a human Fab phage library with extended diversity as described by de Haard et 
so al.(1999). 

[0128] The new selections using a human Fab library are described in detail below. 

Binding of the phages to the peptides was done in 10% DMSO, 3% Marvel in PBS due to the low solubility of the 
hydrophobic peptides. From previous experiments Is became clear that viability of phages Was riot Influenced by the 
presence of 10% DMSO (data not shown). 
55 For LMP1-Loop-1 three rounds of selection were done and for Loop-2 and -3 four rounds of selection were done. 
Table 3 summarizes the results of the different rounds of selection. 
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Tabi 3: 



Results of the different rounds of phage selection using LMP1-d0nVed loop-specific synthetic peptides. 






Round 


Input 


Output 


o/i ratio 


Enrichment 


1 




64*f0* 


7.3*10* 




2 


1 0*1Ql 3 


74*1 0* 


74*10* 


1 


3 




1.3*10* 


• : , ; #8*10** 


919 


Loop 2 peptide 




Round 


Iripiri 


Output 


o^ ratio 


Enrichment 


1 


8.8M0 1 * 


1.0*10* 


1 1**0* 


1""-. 


2 


i.e*io 13 


2,0*10* 


; l,3*tp^ 


2:,. 


3 


1.4M0 1 * 


1.8*10* 




100 


4 




4.8*10* 


732*10*" : 


3/ : . - 


Loop 3 peptide 




Round 


Input 


Output 


o/r ratio 


Enrichment 


1 


8.8*1 0 12 


14*10* 


: 1 i^ter 7 - 




' 2 ' 


1.5*10 1 * 


1.5*10«: 


1 .0^1:^ 


1 ■ ' v 


3 


23*1 0« 


8.6*10* 


• : ,3 : '7*t^ 


370 


4 


2,0*1013 


8.8*10* 


44*ifr 5 


1 



30 [0129] From Table 3 it is dear that significant enrichment took place in round^hree: of the select^ 
selection raunofe old notr^^ 

From round 3 and 4, 46 colonies were picked and induced for phage^rpdMCtfeh 

Subsequently the phage containing culture medium was tested in pe^tidercoated ELISA to check for specificity: yftfc 

the individual peptides or streps 
35 Phage populations from different selections were tested for crps^-mactiyil^ fey analysing; their binding to a|temaiiye 

peptides for which they were hot selected. i^i^ 

The overall ELISA results are shown In Rgura6 Therefrom, it is clear mat theseiecte^.phagee display a high specifict^ 

for the selection peptides and do not crossrbind to alternative peptide n^^^ 

examples for ioop.2 and loop-3 that seme phage clones reactive with linear lo<^ 
40 with S-S circular constraint peptides, which are considered to mimick then^r^ I 

[0130] Therefore, these experiments demonstrate that human antibody reagents can be specifk^ly 

large enough random antibody phage libraries using the specifically de*rgn<#^ 

domains of LMP1 , LMP2 aho* BftftFI . 

45 2. Characterization of human antibody reagents expressed by sek*^ ;phag^:/ 

[01 31] Figure 7 shows a representative DNA-restnction analysis for a selected number of individuatty picked clones 
I order to define the c)ono^bv«^tipn between phage clones selected with the different peptides. 
The results reveal that different fingerprtnts (ctonotypes) can be observed within j^dibetweett^ 
so populations, but that within a population of phages reactive with the same loop peptide similar jt not jde^cd: 

are encountered. This most likely reflects the independent isolation of phages wttti ai similar if not ib^ntbal an«>o^^ 
idiotope $tructuce for blndtofl to: me : !p«*>fl<te-atjggen. 

For example within phages reactive with LMP1 loopl, the indWIdualiy fsotated clones 1,2 and 4 show a yer^ simHar 
fingerprint pattern, whereas clones 6 and 9 and clones 5 and 10 have a similar clonc^pe among ttierf*e^^&^ 
55 is clearly different from each other and from clones 1 ,2 and 4. Clones 3 and 7 and 11 apf>ear to be dM&* ^ tfts| : 
ones named before, yet all clones react similarly with LMP1 loop 1 peptide. 

Analogous, from selections with LMP1 loop3peptid , clones 3,6,7,8,9 and 13 appear to be rather ^similar but of differ 
fingerprint signature compareoVto clones 1 A5 r t0 (ete,). 
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[0132] Table 4 summarizes the overall recovery of LMP1 loop 1-3 specific dories from selections after round 3. 



Table 4: 



Gverailc^ 


LMP1 Loop peptide 


Clones obtained 


Different fingerprints 


Soluble Fab expression 


■ 1 


14 


8 


5 


2 


41 


2 


2 


,3>,-. 


29 


14 


10 



[0133] Overall, selection with LMF>1 loop-1 peptides yielded 14 dones with 8 different dqnotypes, as revelled by 
DNA fingerprint analysis Selection for LMP1 loop-2 yielded 41 clones with only 2 clonotypes and selection for LMP1 
loop-3 yielded 29 clones with 14 different donotypes. 

From Table 4 it Is dear that the diversity of phages reactive against loop 2 is low. Only 2 different fingerprints are 
detected. Taken in account that loop 2 is the shortest peptide of all, this may explain the low diversity; This is further 
supported by the finding that among the reactive phage dones of loop 2 6/6 (100%) tested were also reactive with the 
circularised loop Z. 

The diversity of phages reactive with LMP1 loop 3 was the highest , which correlates well with the larger size of this 
loop and the presence of two bulky tryptophane residues in the middle of the loop, tn a limited evaluation of different 
dones, 3/6 (50%) loop3 selected phage dones also displayed reactivity with the circular constraint peptide of loop 3. 
[0134] The results-show that different clonotypes may be selected from random antibody: libraries; which Individually 
show defined reactivity with the specific extracellular domains of LMPT, LMP2 or' B&RF1 . 

3. expression of phage-antlbody reagents as soluble Fab antibody reagents. 

[0135] Since phageiound antibody reagents are not compatible with future therapeutic application, it fe necessary 
to obtain purified antibody reagents which retain the original antigen-binding specificity. 

[0136] TOer^fpre, to ana soluble Faiai-reagents (Fab's) from selected phage clones, 

Fab protein production was analysed for different clones by IPTQ mediated Induction of phage protein expression In 
E.coft. ' 

The Fa^'s.iproduced: in this way from loop-peptlde selected phages (as indicated In Table 4) were analysed 

for reactivity with the Intact LMP1 protein as shown In Figure 8 and by peptide £ LISA (data hot shown). 

Figure 8 shows an immurioblot analysis which reveals the (weak) reactivity of soluble Fab's ^purified full length LMP1 . 

Several soluble Fab-s from different phage clones were reactive against the full length LMP1 protein 

For loop 3 reactive phages, 1 0/1 4 (71 %) genetically different dones were shown to produce soluble Fab's that were 

reactive against the circular loop 3 peptide by ELiS A and showed a detectable reaction With the LMP1 protein 

it has to be taken In account that no effort was made in optimising refolding of the expressed Fab's or optimising 

expression in the clones that did not produce soluble Fab's. 

[01371 Also phage producing cotonies from round 4 of the selections using loop 2 and 3 were picked and analysed. 
There were no major ELISA-reactivity or genetic differences in the phages that produced specific Fab's and were picked 
iniound^a 

[0138] These results demonstrate that soluble human antibooV reagents having a defined and distinctive reactivity 
towards the naturat full length proteins LMP1 , liMP2 and BARF 1 can be produced from phage antibody populations, 
which are seJetted- w^ 

[01 39] PyeraJI the results from example 3 show that distind human antibody reagents can be selected from random 
antibo^ llbrariesrcreated by genetic cloning of antibody repertoires, using speOifieally designed loop-domain peptides 
derived from putative extracellular domains of LMPI , LMP2andBARF1 . Results also show that such antibody reagents 
can be jexp^ soluble form/detached from generic library components, and that such antibody 

reagents are caipable of specific binding to the Intact full length protein. 
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Example 4 

Selection of human Fab antibody reagents reactive with extracellular domains of LMP1 from a human antibody 
phage library using Intact and viable EBV-transtbrmed lymphoblastoid JY cells expressing the natural form of 
LMP1. 

[0140] As an alternative or additional selection step In the design of human antibody reagents reactive with native 
extracellular domains of LMP 1 , LMP2 and BARF1 , human phage antibodies may be selected by binding to EBV-infected 
and transformed (tumour) cells directly. 

Therefore, we aimed to demonstrate this possibility by analysing the specific enrichment of ioop-speciffc peptide reac- 
tive human antibody phages subsequent selection on intact viable MBY-transformed B-cells. 
Building on the results of exarnpfe 3i only LMP1 -specific data areshown In this example 

Methods' 

Screen I ng and selection of th e phages using-. J Y cells: 

[0141] 3*1 0 6 JY-cells/ml were tak;en up In P8S containing 10% FQS and 2% marvel and incubated at RTfor 30 
minutes under constant agitation. At the same time the phages were Incubated: In PBS containing 10% FCS and 2% 
Marvel for 30 minutes at RT Cells were subsequently centrifuged at 5Q0xg for 5 minutes and the cell pellets were 
mixed with the phages for t hr under constant agitation at RT. The cells were centrifuged and washed 1 0x with PBS. 
After washing the cells were resuspended in 600 uJ water and phages were eluted by adding 600 uJ of tri-ethylamine 
(TEA) to the cells and incubation for 5 minutes at RT. The TEA was neutralized by adding 600 uJ 1 M ^j^WC* (pH = 
7,4) to the suspension. Cell debris and phages were separated by centrifugatlpn at 1 OQOxg for 5 minutes. The super- 
natant containing the selected phages was stored at 4°C until further use, 

Results: 

[01 42] For the selection of phages reactive with natural LMP1 as expressed on the surf ace of JY cells, phage pop- 
ulations from round 2 of the selection on synthetic peptides were used; These phages showed no signifleant enrichment 
as shown in Table 3. 

Table 5 summarises the results of the subsequent selection rounds for phage populations preselected on either LMP 1 
loop-1 ,-2 and -3 specific peptides. 



Tables: 



Result of the phage selection on 4Y^cei!s 


Loop 1 




Round; 


input 


Output 


o/l-ratio 


Enrichment 


:: 3 ;: • 


2;4*10i 3 








4 '": 


1 4*10 i3 


2 4?# 


1 7*10* 


" . W 






Round 


Input 


Output 


o/1-ratlo 


Enrich m ent 


3 


2.0*10 13 


2.7H0* 


t4*1#* 




. ' # ■ • 


&8*10* 3 


7&m 


■mm-; 


i ■ 


Loop 3 




Round 


Input 


Output 


o/1-ratlo 


Enrichment 


3 


2.0*1 Ol 3 


1 .0*10* 


6.0*10-* 




4 


1.8*10 13 


9.1 *10 7 


5.4*10-« 


108 



[01 43] For LMP1 loop 1 and loop 3 good enrichment was found after round 4, however no enrichment was found for 
loop 2. 

This was to be expected because loop 2 is the smallest peptide (protein T part) and selection on peptides also gave the 
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lowest level of nrichment (fiat?! 3). 

[01441 From the selection of round 4 on JY cells, 96 colonies were picked from both loopl and loop 3 phages, induced 

for phage production and subsequently analysed In peptide ELISA using the blo-NHS-labelled peptides. 

For LMP1 loop-1 , 8/96 JY-s lected phages w re reactive against th p ptldes of loop-1 . For LMP1 loop-3, 28/96 JY- 

selected phages were reactive against loop-3 peptides and several were also reactive against the circular peptide of 

loop-3. 

Figure 0 gives an example of these ELISA results. 

[01451 For loop 2 no specif ic phages were found which was expected because no enrichment was found after round 
four of selection. 

In general the ELISA reactivity with the peptide lower compared to the response after phage selection using 
peptides (see example 3) The jieptide-y native LMP1 expressed on the surface 

of viable JY cells may well be reduced cprf^ared to the binding affinity of phages directly selected to peptide-domains 
derived from LMP1 loop 1 >• 2 and 3 This may be related to minor changes jn confomiation between synthetic peptide 
and natural loop domains in th^ 

[0146] Further analysis of the phages reactive with LMP1 loopl arid/or loop 3 peptides revealed that many phage 
colonies had different fingerprints asi was previously found for the peptide-selected phages and as indicated in example 
3. 

These data are summarised In Table 6. 



Table 6: 



Summary of selections on JY cells. 'result after selection round 5. 


LMP1 loop peptide 


Positive Clones 


Different fingerprints 


.*••' v-i- ' "}'- 


8 


4 ■ 


• ,2*'. ' 






3 . 


29 


5 



[0147] These data show that human antibody reagents can be made by phage selection on native LMP1, LMP2 or 
BARF1 expressed on the surface of EBV-transforthed cells. 
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SBOQENCE. LISTING 

<110> Cyto-Barr B.V. 

<120> Anti-EBV antibodies 

<130> Cyto-Barr - Anti EBV antibodies 

<140> " 
<141> " 

<160> 13 

<17 0> Patentln Ver. 2.1 

<210> 1 
<211> 12 
<212> PRT 

<213> Epstein Barr Virus 
<400> 1 

Val Met Ser Asp Trp Thr Gly Gly Ala Leu Leu Val 
1 5 10. 



<210> 2 
<211> 11 
<212> PRT 

<213> Epstein Barr Virus 
<400> 2 

Ala Leu Trp Asn Leu His Gly Gin Ala Leu Phe 
1 5 10 



<210> 3 
<211> 12 
<212> PRT 

<213> Epstein Barr Virus 
<400> 3 

Tyr Leu Gin Gin Asn Trp Trp Thr Leu Leu Val Asp 
15 10 
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<2i0> 4 

<2ii> ii . 

<212> PRT 

<213> Epstein Barr Virus 
<400> 4 

Ala Ala Ser Cys Phe Thr Ala Ser Val Ser Thr 
1 5 10 



<210> 5 
<211> 20 
<212> PR*T 

<213> Epstein Barr Virus 
<4:0d> 5 

Leu thr Trp Arg lie Glu Asp Pro Pro Ph'e Asn Ser Leu Leu Phe Ala 
1 5 10 15 

Leu Leu Ala Ala 
20 



. <iio>v6-.; ;: •■' 

. : <2:11>V'9' ; • •• 

<212> ; PBT 

<213> Epstein Barr Virus 
<400> 6 

Leu 6ln Leu Ser Pro Leu Leu Gly Ala 
1 5 



<210> 7 
<211> 8 
<212>. PRT 

<213> Epstein Barr Virus 
<400> 7 

Leu Gly Thr Leu Asn Leu Thr Met 
1 5 



<210> 8 
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<211> 18 
<212> PRT 

<213> Epstein Barr Virus 
<400> 8 

Leu Gin Thr Asn Phe Lys Ser Leu Ser Ser Thr Glu Phe lie Pro Asn 
1 5 10 15 

Leu Phe 



<210> 9 
<211> 11 
<212> PRT 

<213> Epstein Barr Virus 
<400> 9 

Val Met Ser Asn Thr Leu Leu Ser Ala Trp lie 
1 5 10 



<210> 10 
<211> 40 
<212> PRT 

<213> Epstein Barr Virus 
<400> 10 

Leu Gly Pro Glu lie Glu Val Ser Trp Phe Lys Leu Gly Pro Gly Glu 
1 5 10 15 

Glu Gin Val Leu lie Gly Arg Met His His Asp Val lie Phe lie Glu 
20 25 30 

Trp Pro Phe Arg Gly Phe Phe Asp 
35 40 



<210> 11 
<211> 75 
<212> PRT 

<213> Epstein Barr Virus 
<400> 11 

lie His Arg Ser Ala Asn Thr Phe Phe Leu Val Val Thr Ala Ala Asn 



24 



BP 1 229 043 A1 



10 



15 



lie Ser His Asp Gly Asn Tyr Leu Cys Arg Met Lys Leu Gly Glu Thr 

20 25 30 

Glu Val Thr Lys Gin Glu His Leu Ser Val Val Lys Pro Leu Thr Leu 

35 40 45 

Ser Val His Ser Glu Arg Ser Gin Phe Pro Asp Phe Ser Val Leu Thr 

Val Thr Cys Thr Val - Asn Ala Phe Pro His Pro 

65 70 75 



<210> 12 
<211> 34 
<212> PRT 

<213> Epstein Barr Virus 
<400> 12 

His Val Gin Trp Leu Met Pro Glu Gly Val Glu Pro: Ala Pro Thr Ala 

1 5 i o 15 

Ala Asn Gly Gly Val Met Lys Glu Lys Asp Gly Ser Leu Ser Val Ala 

.. 20 25 .... -'-0 

Val Asp 



<210> 13 

<211> 33 

<212> PftT 

<213> Epstein Barr virus 

<400> 13 

Leu Ser Leu Pro Lys Pro Trp His Leu Pro Val Thr Cys Val Gly Lys 
1 5 10 15 

Asn Asp Lys Glu Glu Ala His Gly Val Tyr Val Ser Gly tyr Leu Ser 
20 25 30 



Gin 
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Claims 

I . Isolated peptide, chosen from the group consisting of: 

SEQ ID 1 (LMP1 . extracellular loop 1 ) 
SEQ ID 2 t extracellular loop 2) 
Sf(iip3(^ 

SEQ ID 4 ft^Pft extr^^luiar loop 1 ) 
SSQIO 6 (UrtP2i e^cellutar loop 2) 
SEQ ID 6 (LMP2, extracellular loop 3) 
SEQ ID 7 (t^P2^extracellular loop 4) 
sm \® $ extr^lMar loop5) 

SEQ ID 9 ^P2 V extracellular loop 6) 
SEQ|D10;<B^1 r S€Q4Q-7&) 
SEQ ID 11 (BAHF1 , SEQ 80r154) 
SEQ ID 12 (B^BFt , SEQ 155-188) 
S^Q ID 13 <BARFt t $EQ 188-221) 

2 Isolated peptide orproteln, comprising an amino acid sequence, chosen from the group, consisting of SEQ ID nos. 
1 -13, riot bemg the full length LMP1 , LMP2 or BARF1 sequence, nor being 90% or moire homologous thereto. 

3. Peptide or protein according to claim 2, comprising less than 100 amino acids. 

4. Peptide or protein , cpmptisir^ an amino acid sequence having at least 80%, preferably at least 90%, most pref- 
erably at least 9^ homology with any of the amino acid sequences of SEQ ID nos. 1-13, not being the full length 
LMP1 , LMP2 or BARF1 sequence, nor being 90% or more homologous thereto; 

5 Purified nucleic acio* sequence, comprising a nucleic acid sequence coding for a peptide or protein according to 
any of the preceding claims. 

6. Nucleic aei# sequence comprising a nucleic acid sequence being at least 80%, pref (walsly at; least 90%, most 
preferably St least 95% homologous to the nucleic acid sequence coding for a peptide accordingto dalm 1 or for 
a peptide being at least 80%, preferably 90%, most preferably 95% homoiogpus thereto. 

7. Nucleic acid sequence according to claim 6 or 7, being accommodated in a vector. 

8. Nucleic acid vector according to claim 7, wherein the amino acid encoding nucleic acid sequence is operably linked 
to a promoter, functional in a host organism wherein the said vector can be propagated. 

9. Cells transformed with a nucleic acid sequence, comprising the nucleic acid sequence according to any of the 
claims 6-8. 

10. Antibody reagent, capable of specifically binding to an amino acid sequence, chosen from the group, consisting 
of SEQ ID nos. 1-13. 

II. Antibody reage^t,:cepable of specifically binding to an amino acid sequence, having at least 80%, preferably 90%, 
most preferably 9&l% or more homology with one of the amino acid sequences of SEQ IP nos. 1-13. 

12. Method for the production of targeting cells, targeted to cells expressing LMP1 , LMP2 or BARF1 comprising the 
steps of : 

- transfec^g the cells with genetic Information for the antibody reagent according to claim 9 or 10; 

- expressing sSiid antibody reagent on the surface of the said targeting ceils. 

1 3. Method for the production of targeting viral particles, targeted to cells expressing LMf 1 , LMP2 or BARF1 , com- 
prising the steps' off 

cloning th g n tic information for the antibody reagent according to claim 1 or 2 into th viral g nom 
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expressing the said antibody on the viral coat of the said viral particles. 

14. Antibody reagent of claim 10 or ti for use as a diagnostic or therapeutic agent in patients, carrying EBV positive 
tumours. 

15. Use of a peptide according to any of the claims 1 -4, or a nucleic acid sequence according to any of the claims 6-8 
or an antibody reagent according to claim 10 or 11 for use In a medicament, in particular for treatment of EBV- 
Infection. 

16; Method for diagnosing EBV Infected ceils, especially EBV+ malignant cells and EBV mediated diseases, compris- 
ing the steps of: 

- taking a sample of c0lls of an individual, suspected of carrying said infected cells of disease; 

- contacting an antibody reagent according to claim 9 or 1 0 wim the said cel|s; 

reacting the antibody reagent with the said cells, forming -a complex of antibody reagent, bound to an EBV 
infected cell; 

assaying for the presence of the said complex. 

17. Method for specifically Killing cells expressing LMP1 , LMP2 or BARF1 or parts thereof oft their- cell surf ace ex vfvo, 
comprising the steps of ■ 

isolating a number of cells from an individual, 

- contacting the isolated cells with an antibody reagent according to claim 9 or 10- 

- negatively selecting the cells expressing LMP1 , LMP2 or BARP1 or parts thereof on their ceil surface, 

- wherein ceils not expressing LMP1 , LMP2 or BARF1 on their cell surface survive 

18. Method according to claim 17, Wherein the surviving cells ar^ r^irhplahted info the individual; 

19. Method according to claim 1 7 or 18, wherein the cells are isolated from the bone marrow. 
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